Abstract-In this paper, some interesting necessary conditions for the stability of two-dimensional (2-D) systems are presented. The inversion of these conditions gives sufficient conditions for the instability of the same systems. The proof of these conditions is given. A comparison with some other known criteria is given.
I. INTRODUCTION
Two-dimensional (2-D) systems theory has recently attracted increasing attention in the areas of analysis, synthesis, stability, factorizability, controllability, observability, minimality, feedback control, and filter design.
Stability of 2-D systems arises in many applications. Two-dimensional signal processing, realization of 2-D networks and distributed parameter systems, stability of 2-D difference/differential equations, processing of radar data are among these applications.
In [1] , an excellent overview of the stability problem and of the theorems and the tests associated with it has been made by Jury. Some of these theorems check if some one-dimensional (1-D) or 2-D polynomials is devoid of zeros in appropriate regions of C C C or C C Cx x xC C C, respectively. For this reason, the factorization problem of 2-D polynomials is all important [3] - [6] .
In the literature, several tests exist which check various conditions of the coefficients of f(z1; z2) [1] , [6] - [8] . From another standpoint, we obtain that most of tests check sufficient conditions for stability [6] - [14] , while other tests check necessary stability conditions [15] , [17] . The inversion of the latter conditions gives sufficient conditions for instability. Other recent relevant studies can be found in [18] - [22] . A shift-invariant causal single-input single-output (SISO) 2-D system can be described by the transfer function G(z 1 ; z 2 ) = g(z1; z2) f(z1; z2)
where g(z 1 ; z 2 ) and f(z 1 ; z 2 ) are coprime polynomials in the independent complex variables z1 and z2, It is assumed that there are no nonessential singularities of the second kind on the closed unit bidisk [1] , i.e., there are no points (z 1 ; z 2 ) with jz 1 j 1 and jz 2 j 1 such that g(z1; z2) = f(z1; z2) = 0.
It is well known that the system (1) is BIBO stable, if and only if f(z 1 ; 0) 6 = 0; jz 1 j 1
f(z 1 ; z 2 ) 6 = 0; jz 1 j = 1; jz 2 j 1
Condition (2a) is relatively easy to check using any 1-D stability test. Checking (2b) is a more difficult task.
In the present paper, some interesting necessary conditions for 2-D system stability are presented. The inversion of these conditions gives sufficient conditions for 2-D systems instability. These can be used as 
The reciprocal (or reverse) polynomial is defined as the reversed and conjugated one.
or in a more convenient notation
where 3 means the complex conjugate. The partial energy of the poly-
n= 0; 1; . . . ; N 0 1 (6) while the total energy is defined by
Note that
If the polynomial f(z) corresponds to a stable 1-D system, i.e., it is the characteristic polynomial of a stable 1-D system, then PE f (n) > PE f (n) 8n; n = 0; 1; . . . ; N 0 1:
Relations (9) express the so-called minimal delay property. That means that the stable polynomial f(x) has most of its energy concentrated at the earlier times, while f(z) has most of its energy concentrated at the later times. A detailed proof is given in [2] . In fact, equations (9) are necessary stability conditions and therefore they can be used as a quick check if the 1-D system is unstable. In order to extend the above ideas to the 2-D case, let us consider the 2-D polynomial
with f (i1; i2); z1; z2 2 C C C.
It should be noted that in 2-D circuits, 2-D filters, and other engi- The partial energy PE f (n 2 ) and the total energy TE f (N 2 ) can be defined as follows:
with 0 n2 < N2,
Obviously TE f (N 2 ) = TE f (N 2 ) with jz 1 j = 1:
Now, the following theorem is stated. (a f (i1; i2)a f (i1 0 j + 1; i2) 0a f (i1; i2)a f (i1 0 j + 1; i2)) for j > 1: (18) c c c is a column vector with cj = cos((j 0 1)). Furthermore, using the following transformation: The method of [15, Theorem 3] cannot prove that this polynomial is unstable. More specifically, no inequality of this theorem is satisfied.
Example 2: This example is taken from [17] .
f(z 1 ; z 2 ) = 8z 
IV. CONCLUSION
The minimal delay property gives useful necessary conditions for stability of a 1-D polynomial. This property can also supply us with useful necessary conditions for the stability of 2-D polynomials. A comparison with other necessary stability conditions is given via some illustrative examples.
Basic Synchronous Phenomena by Intermittently Coupled Capacitors
Takanori Matsushita, Toshimichi Saito, and Hiroyuki Torikai
Abstract-We propose a simple coupling method using intermittently coupled capacitors (ICC's). We construct a coupling system by applying the ICC to two piecewise linear nonautonomous chaotic circuits. Then the ICC changes the two chaotic attractors into a coexisting state of chaos synchronization and periodic synchronization. The system exhibits one of them depending on the initial states. The system dynamics are reduced into a 3-D return map with one real and two binary variables and the occurence of the coexisting phenomenon is guaranteed theoretically. Also, typical phenomena are confirmed in the laboratory.
Index Terms-Chaos, mapping procedure, oscillator, synchronization, switched capacitor.
I. INTRODUCTION
The study of chaos synchronization is important not only as a basic nonlinear problem but also for new engineering applications, including artificial neural networks [1] - [3] and chaos-based communications [4] , [5] . In the studies, there are two basic problems. First, the nonlinear system exhibits various kinds of synchronous phenomena, including phase synchronization [6] , [7] and they should be classified Manuscript received September 3, 1998; revised November 1, 1999. This paper was recommended by Associate Editor C. W. Wu.
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